Abstract
Introduction
The ventricular system of brain is cavity of brain. The two largest ventricles are the lateral ventricles in the cerebrum; the third ventricle is in the diencephalon of the forebrain between the right and left thalamus; and the fourth ventricle is located at the back of the pons and upper half of the medulla oblongata of the hindbrain [1] .
Morphometric studies of human brain ventricles have been under focus by many scholars recently due to it is relation with pathologies evidences such as hydrocephalus, schizophrenia, tumors, Trauma… etc., as well as gender and aging which could lead to dementia and or brain geriatric [2] [3] . The advent of CT scanning resolved the problem of volumetric measurement performed on normal subjects [4] . The ventricles of the brain are well visualized, and their overall configuration can be reconstructed from a series of contiguous slices [5] . The evaluation of the normal measurements of the cerebral ventricles in the living human has great importance in the diagnosis and monitoring of several pathologies [6] . Accurate measurements of the ventricles provide available and safe means of aiding the diagnosis of some neurological disorders such as early detection of hydrocephalus, cerebral atrophy….etc, and provide important follow-up information in affected patients [7] . It should be noted that there is a continuous debate in the literature of neuro anatomy, psychiatry, neuroradiology and neurology over the best method of assessing the various parts of the cerebral ventricular system [8] .
Little work has been done on measurement of cerebral ventricular system in Saudi Arabia. This present work is undertaken to study morphometric analysis of the lateral, third and fourth ventricles of the brain in normal Saudi subjects using CT scan.
Materials and Methods

Selection and Description of Study Population
This study has two designs and considered as a prospective cohort as well as retrospective with referring to the previous cases in the PACS system. The study population composed of 152 patients (89 males and 63 females) in the age group of 3 to 81 years, attending the department of Radiology, at King Fahd Hospital from the period of March to June 2014. The hospital was classified as one of the teaching hospital in Al medina Almunawwara. The radiology department (CT) receives about 15 cases per day (5475 cases per year). Informed consent was obtained from all patients for being included in the study and a previous ethical approval was obtained from the ethical committee of the hospital. The majority of the cases were selected from the PACS system and other cases were investigated directly with CT machine. There was no a Minimum Sample Size Calculation process before sampling.
These patients were selected randomly and clinically confirmed no history of cerebral infarction, local mass lesions, probable communicating hydrocephalus, alcoholism, drug abuse, trauma or previous intra-cranial surgery and other hereditary diseases and were not on medication at the time of this study. CT Scans of all patients were reported by expert radiologist scoring as normal. The CT scanner used in this study was the General electric GE (Bright speed 16 slices). The selected exposure factors were 120 kv and 435 mA, the slice thickness was ranged between 7 to 10 mm and the noise index was 3.
Procedure of CT Scanning Technique
The patient was placed on the CT table and the head was centralized and supported for correct positioning and to avoid blurring of images. A lateral scout image was taken to confirm correct positioning of patient and appropriate exposure factors. Orbito-meatal line was drawn and a line at an angle of 15 -20 degrees to and 1 cm above it was drawn, representing the lowest tomographic section, which passed through the base of skull. A total of 8 to 10 axial image slices of the brain were obtained without any overlap.
Method of Measuring the Brain Ventricle
The lateral ventricles on CT are seen as two band-shaped structures with normal attenuation values. The third ventricle is amid-line structure which is shown between the thalami and the fourth ventricle is seen as an oval area at the center of the posterior fossa lower down, between the cerebellum and the pons. The measurements were taken as follows: 
Statistical Analysis
Data were analyzed and initially summarized as mean ± SD in a form of comparison tables. Statistical analysis was performed using the standard Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA) version 16 for windows. The statistical significant value was 5%, values less than 5% were considered to be significant.
Limitations
One of the most limitations of this study, no volunteers conducted since x-rays has biological effects and hazards. There were many cases had been excluded from the study due to minor pathological changes in the brain which could influence the measurement? So, we tried as far as possible to find images with normal brain appearance.
Results
It was observed that the anteroposterior extent of the body of the right and left ventricles was equal in the males (74.89 + 9.86 mm) whereas, it was larger in the right side (70.06 + 8.83 mm) than the left side (69.59 + 11.42 mm) in the females. It was also observed that mean length of the right frontal horns (27.55 + 4.175 mm) was Table 2) . The mean height and width of the fourth ventricle was 9.68 + 2.155 mm and 12.15 + 2.032 mm in 152 subjects (males and females) as shown in ( Table 1) .
The width of fourth ventricle increases as age increases, which was statistically significant (P-value < 0.05) as shown in (Table 3 ). The mean width of third ventricle was 5.57 + 1.60 in 152 subjects (males and females).
The width of third ventricle increases as age increases, which was statistically significant (P-value < 0.05) as shown in Table 1 . The measurement of the ventricles was obtained from the CT monitor using the curser as demonstrated in Figures 1-3 . Table 1 . Measurements and statistical details of lateral, third and fourth ventricles. 
Discussion
The range of changes in the ventricular size of the brain encountered in clinical practice can lead most people to believe that a decision taken without an exact measure of ventricular size, however, there is likely to be an increasing number of circumstances in which precise measurements will be of value.
Measurements of the size of the lateral cerebral ventricles provide useful indices of cerebral asymmetry and atrophy. The present study provides useful baseline measures on the volume of the lateral ventricle, and its variability and asymmetry, in healthy subjects, and promising first steps in the task of automatic measurement of the brain structure that is highly conspicuous but has relatively complex morphology.
According to Gomori et al., Takeda and Matsuzua, Goldestien et al. the left lateral ventricle was larger than the right one and both were larger in the female [9] - [11] . In our study the antero-posterior extent of the right ventricle bodies (males = 74.89 + 1.04 mm and females = 70.06 + 1.11 mm) was approximately equals to the left ones (male = 74.89 + 1.04 mm and female 69.59 + 1.43 mm). These measures are larger than the figures obtained by D'Souza and Natekar this may be due to the differences in age group that was larger in our study compared to D'Souza and Natekar study which was limited between 30 and 50 years [12] .
Both left and right ventricles were large in males compared to females. This is because males have heavier and bigger skull, the capacity of the skull is 10% more compared to female skull and also because the brain size is more in males compared to females [13] .
Our study results revealed that the length of the of the right frontal horns was (28.53 + 0.41 mm) in the males and (26.16 + 0.53 mm) in the females and that the length of the left frontal horns was equal to the right one in the males but slightly longer than the right one in the females (26.17 + 0.53 mm). This measures was much similar to the figures reported by D'Souza and Natekar (27.4 mm in the males and 25.5 mm in the females) for the right frontal horns and (27.8 mm in the males and 25.8 in the females) [12] .
Studies by D'Souza and Natekar revealed that the height of the fourth ventricle was 11.8 mm and 11.1 mm for the male and female respectively. Older studies by Gawler et al. revealed that the greatest distance between the roof and the floor of the fourth ventricle was less than 10.8 mm; however in our study this distance was significantly smaller, (9.66 + 0.22 mm) in males and (9.70 + 0.28 mm) in the females with the mean 9.68 + 0.17 mm) [12] [14] . In the present study, the width of the fourth ventricle was found to be greater than the height in both genders and was more in males (12. found that the maximum width of the third ventricle had a mean of 5.9 mm, 9.2 mm, 4.2 mm and 5.2 mm. In our present study, we recorded this measure was significantly higher in males (5.70 mm) as compared to females (5.40 mm) with mean (5.57 mm) [15] [17]- [19] .
Results of this study showed that there were statistically relationships between the ages of subjects involved in the study and the width of the third and fourth ventricles (p = 0.01) was in agreement with studies conducted by Vidya K. 
Conclusion
The study provided useful morphometric data about the lateral, third and fourth ventricles while diagnosing visual disturbance, hydrocephalus, schizophrenia, psychotic disorders and other pathologies.
